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Abstract 
Purpose 

The purpose of the present invention is to produce a polypropylene fiber or yam with 
high heat resistance suitable for use as a cement reinforcement material that does not undergo 
fusion at autoclave curing temperatures in the range of 175-180'^C and that has superior shape 
retention. 

Means to solve 

In a polypropylene fiber or yarn with high heat resistance produced by hot-melt molding 
a homopolypropylene resin having an isotactic pentad fraction in the range of 96-98.5% and 
melt-flow rate (230''C, 2.16 kg load) in the range of 0.1-30 g/10 min and drawing, a 
polypropylene fiber or yam with high heat resistance characterized by the fact that the heat 
shrinkage factor at 170°C for 10 min is 10% or below and the fusion peak temperature is ITS'^C 
or above. 

Claim 

1 . A polypropylene fiber or yam with high heat resistance produced by hot-melt molding 
a homopolypropylene resin having an isotactic pentad fraction in the range of 96-98.5% and 
melt-flow rate (230''C, 2.16 kg load) in the range of 0.1-30 g/10 min and drawing, which 
polypropylene fiber or yam with high heat resistance is characterized by the fact that the heat 
shrinkage factor at HO'^C for 10 min is 10% or below and the fusion peak temperature is 178°C 
or above. 

2. The polypropylene fiber or yam with high heat resistance described in Claim 1, 
characterized by the fact that a heat treatment is provided for the polypropylene fiber or yam 
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witii high heat resistance after drawing at a temperature in the range of 170-195**G under restraint 
tension. 

3. The polypropylene fiber or yam with high heat resistance described in Claim 1 or 2, 
characterized by the fact that the fiision peak of the polypropylene fiber or yam with high heat 
resistance before the heat treatment with restraint measured under restraint tension exists at 
180''C or above. 

4. A cement reinforcement fiber made of the polypropylene fiber or yam with high heat 
resistance described in one of Claims 1-3. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a polypropyleaie fiber or yam with high heat resistance 
and the invention further pertains to a polypropylene fiber or yam with high heat resistance used 
for cement reinforcement fiber. 

[0002] 
Prior art 

Historically, cement moldings arei used for building materials such as interiors, exteriors, 
and roofing. In the past, products containing asbestos Gbers have been widely used as 
reinforcement materials for cement moldings, but with recent environmental problems, the 
adverse effect of asbestos on health is gaining attention and use of replacement fibers is 
increasing each year. For reinforcement fibers to replace the above-mentioned asbestos, 
polyolefiri fibers, in particular, polypropylene fibers and polyethylene fibers can be mentioned, 
and their use is on the increase as replacement fibers that can be used without adverse effects on 
the human body. 

[0003] 

Cement requires a curing process during molding. Curing is achieved in an autoclave 
(10 kgfi^cm^) for several tens of hours at a temperature in the range of 170-180°C. However, the 
fiision point of standard polypropylene fibers is in the range of 160-165°C; thuSj fiision takes 
place during the aforementioned curing and the polypropylene fails to exist in the cement 
concrete after curing. When the curing temperature for the cement concrete is reduced to 
leS-nO'^C, for example, a long curing time is required and productivity is reduced. 
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[0004] 

Problems to be solved by the invention 

Based on the above background, the purpose of the present invention is to produce a 
polypropylene fiber or yam with high heat resistance suitable for use as a cement reinforcement 
material that does not undergo fusion in an autoclave at a curing temperature of 175-1 80®C and 
that has superior shape retention. 

[0005] 

Means to solve the problems 

As a result of much research conducted by the present inventors in an eflfort to eliminate 
the above-mentioned existing problems, the researchers discovered that it was possible to control 
the thermal shrinkage factor imder high temperature to a low value and to incroase the fusion 
peak temperature when a heat treatment is provided for a homopolypropylene resin having 
specific stereoregularity and flow properties at a specific temperature under restraint tension after 
hot-melt drawing, and as a result, the present invention was accomplished. 

[0006] 

In other words, the first invention of the present invention is a polypropylene fiber or 
yam with high heat resistance characterized by the fact that the heat shrinkage factor at 170°C 
for 10 min is 10% or below and the fiision peak temperature is ITS'^C or above in a 
polypropylene fiber or yam with high heat resistance produced by hot-melt molding a 
homopolypropylene resin having an isotactic pentad firaction in the range of 96-98.5% and 
melt-flowrate (230X, 2.16 kg load) in the range of 0.1-30 g/10 minand drawing. 

[0007] 

Furthermore, the second invention of the present invention is the polypropylene fiber or 
yam with high heat resistance described in the first invention charactaized by the fact that a 
heat-treatment is provided for the polypropylrae fiber or yam with high heat resistance after 
drawing at a temperature in the range of 1 70- 1 95°C under restraint tension. 

[0008] 

Furthermore, the third invention of the present invention is the polypropylene fiber or 
yam with high heat resistance described in the first or second invention characterized by the fact 
that the fiision peak of the polypropylene fiber or yam with high heat resistance before the 
heat-treatment with restraint measured under restraint tension exists at 1 80®C or above. 

• t . * . " 
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[0009] 

Furthermore, the fourth invention of the present invention is a cement reinforcement fiber 
made of the polypropylene fiber or yam \yith high heat resistance described in the first to the 
third inventions. 

[0010] 

Embodiment of the invention 

In the following, the present invention is explained in fiirther detail. 

1. Polypropylene resin 

The polypropylene resin used in the present invention is a homopolypropylene resin . 
having an isotactic pentad Jfraction (hereinafter referred to as IPF), which is the index of 
stereoregularity, of 96-98.5% and satisfies the melt-flow rate (hereinafter referred to as MFR) of 
0.1-30 g/10 min, preferably, 0.5-25 g/10 min at 230**C and under a load of 2.16 kg. When the 
IPF is 96% or below, the fiision temperature of the homopolypropylene itself is reduced, and it is 
not suitable to be used as a cement reinforcement materid; on the other hand, when tiie IPF is 

98.5% or above, spinning stability such as stability of the thread is lost as a result of an 
excessively Wgh rate of crystallization of the molten resin at thie time of hot-melt spinning. 

Furthermore, when the MFR is 0.1 g/10 min or below, an increase in the pressure at the die exit 
occurs at the time of hot-melt molding (mainly at the time of spinning of the fiber); on the other 
hand, when the MFR is 30 g/lQ inin or above, the polymer component is reduced in the 
polypropylene resin, oriented crystals in the fiber or yarn are reduced after drawing, and as a 
result, the fiision ten4)erature of the fiber or yam is reduced, and flie material is not suitable to be 
used as a cement reinforcement material. It is fiirther desirable when the molecular weight 
distribution (Mw/Mn) of the homopolypropylene is in the rangie of 3.5-12, and 4-9 is fort^ 

desirable. 
[0011] 

For the homopolypropylene resin used in the present iiivention, conventional modifiers 
for polyolefins may be used in conibination according to the intended apphcation. For example, 
antioxidants, ultiaviolet absorbers, light stabilizers, crystalline nucleating agents, organic 
carboxyUc acids, antistatic agaits, surfactants, neutralizing agents, dispersants, epoxy stabihzers, 
plasticizers, lubricants, antibacterial agents, flame retardants, fillers, blowing agents, foaming co- 
agents, crosslinking agents, crosslinldng co-agents, pigments, etc., can be meiitioned. For 
antioxidants, phenoUc antioxidants, phosphoric antioxidants, sulfiir type antioxidants, amine type 
antioxidants, vitamins, etc., can be mentioned. For neutializing agents that double as dispersants, 
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metal so^s, hydrotalcites, lithium aluminiun composite hydroxylate, silicates, metal oxides, 
metal hydroxides, etc., can be mentioned. Furthermore, it is effective to add OJl-20 parts by 
weight of a hydrophilic polymer such as polyethylene glycol and polyethylene oxide so as to 
increase dispersibility of the fiber or yam in the cement. 

[0012] 

2. Mefliod for production ofpolypropylene fiber or yam with high heat resistance ^ 

The polypropylene fiber or yam with high heat resistance of the present invention is 
produced by hot-melt molding the above-mentioned homopolypropylene resin to form an 
amorphous fiber, drawing to form a fiber or yam, and providing a heat treatment under restraint 
tension. 

[0013] 

In general, an amorphous fiber is produced by the hot-melt molding method using a pellet 
type or powder type homopolypropylene resm raw material. For example, a multifilamoit 
hot-mielt spinning device or monofilament hot-melt spinning device is used to produce an 
amoiphous yam. Furthermore, when the material is cut after passing through the flat die or ring 
die, a tape for drawing (split yam) is produced. Subsequently, drawing is done with a drawing 
machine. 

[0014] 

Drawing is achieved in a single stage or in a multistage device consiisting of two or more 
stages. The drawing temperature is in the range of 70-1 SO'^C and the drawing operation is done 
nsmg an oven, a hot plate, hot drawing roll, irdfrared, hot water (wet heat), etc., as a heat source. 
The drawing ratio is in the range of 1 .5-10 times, preferably, 2-7 times, for fibers, and 2-20 
times, preferably, 4-18 times, for a yam. When drawing is done in a multistage device, the 
temperature can be increased in a stepwise fashion and final drawing is done at a temperature in 
flierangeofl60-195*'C. hi this case, the heat treatment describedbelowmay be omitted. In other 
words, when the drawing roll temperature at the tune of drawing is set to a temperature in the 
range of leO-l^^C, an inline heat treatment under restraint tension is made possible. 

[0015] 

It is desirable when the drawn pplypropylene fiber or yam has a fiision peak temperature 
measured undCT a restraint state of ISO^'C or above, hi other words, when the fiision peak 
measured under restraint tension of the drawn polypropylene fiber or yam before the 
heat-treatment described below, in specific terms, when the fiision peak measured at a scanning 

t 
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rate of lO^C/min as the fiber is wound around a metal such as an aluminum sheet to prevent 
shrinkage of the fiber and placed on a DSC measuremait plate, is 180*C or above, production of 
a fiber or yam haying an adequate resistance to the heat treatment described below is possible. 
When the aforementioned fusion peak is 1 80**C or below, fusion of the fiber or yam occurs at the 
time of heat treatmait under high temperature and under restraint tension, which is not desirable. 

[0016] 

A heat treatment is provided for the polypropylene fiber or yam with high heat resistance 
drawn as described above imder restraint tension at a temperature of 170-195*C. Id general, a 
heat-treatment is provided at a temperature in the range of 120-160*C, preferably in the range of 
130-150*C in the past, but crystallization at the oriented crystal part is likely to be promoted 
when a heat treatment is provided for the drawn fiber under restraint tension in the present 
invention, and an increase in tiie fusion point is made possible, and fiision of the drawn fiber or 
yam does not occur at a temperature above the fiision point, and production of a fiber with a low 
shrinkage factor and high fiision point is made possible. 

[0017] 

In other words, when a heat treatment is applied at a heat-treatment temperature in the 
range of 170-1 95*»C, preferably 175-196'C, for 2-60 min, preferably 5-40 min, it is possible to 
achieve aheat shrinkage factor of the polypropylene fiber of 10% or below at 170*C for 10 min, 
preferably 10% or below at 175'C for 10 min. Furthermore, it is possible to shift the fusion peak 
start-up temperature, fusion peak temperature, and fusion end ten^erature at DSC measurement 
toward the high temperature side, and it is possible to achieve a fusion peak tenq>erature of 
nS^C or above; When the heat-treatment temperature is HO^C or below, the fiision peak 
temperature of the fiber or yam wifli a low drawing ratio is capable of achieving {proximately 
173*C, at most, and when tiie temperature exceeds 195*'C, fusion of fiber or yam takes place and 
heat treatment is difBcult. 

[0018] 

3, Cement reinforcement fiber and reinforced cement molding 

As described above, the heat shrinkage factor is low in tiie polypropylene fiber or yam 
with high heat resistance of the present invention under high temperature and tiie fusion point is 
shifted toward the high-tanperature side and is suitable to be used as a canent reinforcement 
fiber. Especially when curing is done in an autoclave used for concrete at a temperature of 
nS-lSO'C, the shape is retained and it can be used as effectively as a reinforcement material. 

f ' . ■ 
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[0019] 

For the cement for which the polypropylene fiber or yam with high heat resistance of the 
present invention is used as a cement reinforcement material, for example, hydraulic setting 
cements such as portland cement, white portlahd cement, aluminous cement, silica cement, 
magnesia cement, and pdzzuolana cement, air-hardening cements such as gypsum and coal, 
special cements such as acid-resistant cement, etc., can be mentioned. 

[0020] 

Furdiennore, production of a cement composition that utilizes the above-mentioned 
cement is made possible when an inorganic material such as calcium carbonate and magnesium 
hydroxide, optional aggregates such as pebbles and sand, thermosetting water-soluble resins such 
as pulp, paraffin, wax and resol type phenolic resin, a variety of polymer emulsions, curing 
accelerators, curing inhibitors, water reducing agents, etc., are added to one or more types of the 
above-mentioned cements. Upon curing of the above-mentioned cement composition, the mixing 
ratio of tiie cement and water, when water is added to the cement composition, that is, the G/W 
ratio, is preferably in the range of 1-10. When the C/W ratio is below 1, the amount of water 
becomes too high and an adequate strength caimot be achieved upon curing of the cement; on the 
other hand, when said ratio exceeds 10, the flow properties of the cement composition biscome 
inferior. 

[0021] 

When the polypropylene fiber or yam with high heat resistance of the present invention is 
used as a cement remforcement material, the application form varies depending on the shape of 
the fiber or yam. For example, when a yam is used as the cement reinforcement material, a 
method where tiie yam is fastened to the partially cured cement composition using a lock bolt, 
etc., and the cement composition is supplied is used. Furthermore, when the fiber is used as a 
cement reinforcement material, preferably, the fiber is cut to a length of 3-30 nmi aiid mixed m 
the above-mentioned cement composition, hi this case, imiform dispersing of &e fiber in the 
cement composition is less hkely to occur when the length of the fiber exceeds 30 mm; on the 
other hand, an adequate reinforcemrait effect cannot be achieved at 3 mm or below. 

[0022] 

Furtheraiore, in general, tiie amount of cement reinforcement material used is in the 
range of 0.1-30 parts by weight for 100 parts by weight of tfie cement composition, and in the 
range of 0.5-15 parts by weight is fiirther desirable. When flie amount of the cement 
reinforcement material included is 0.1 part by weight or below, an adequate reinforcement effect 
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cannot be achieved; on the other hand, when the amount exceeds 30 parts by weight, uniform 
dispersing of the cenient reinforcenient material is lesis likely to be achieved. 

[0023] 

Furthermore, upon mixing of the polypropylene fiber or yam with high heat resistance 
with the cement composition as a cement reinforcement material, it is desirable when a treattnent 
is provided with a surfactant, etc., to increase the afiBnity with the cement. 

[0024] 

A variety of cement products can be mentioned as fiber-reinforced cement moldings that 
utilize the polypropylene fiber or yam with hi^ heat resistance of fee present invention. For 
example, underwater stmctures such as tetr^xKJs, railway structures such as bridges and tunnels, 
structures such as buildings, houses (interiors and exteriors), wall surfaces, revetments, roof tiles, 
etc., can be mentioned. 

[0025] 

y^lication exan^les 

The present invention is explained in further detail below, but the present invention is not 
limited to the application exanq>les below. Furfliomore, test methods used in the present 
invention are as ^own below. 

[0026] 
(l)IPF 

The isotactic factor by pentad unit in the polypropylene molecular chain is measured by a 
nuclear magnetic resonance spectral analysis ("C-NMR) based on isotopic carbon according to 
the method reported in Macromolecules, Vol. 6, p. 925 (1973) by A. Zambelli et al. In other 
words, the isotactic pentad factor is the propylene unit factor where five continuous prop5dene 
monomer units are isotactically bonded. Wherein, assignment of the peak is done according to 
the corrected version of the aforementioned document described in Macromolecules, Vol. 8, 
p. 687 (1975). In specific terms, measurement of the isotactic pentad unit is done based on the 
intensity factor of the mmmm peak in the total absorption peak in the methyl carbon region of 
the "C-NMR spectra. 
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[0027] 

(2) MFR 

According to tiie specification of JIS K 7210, measuremait was done under a load of 
2.16kgandat230*C. 

(3) Mw/Mn (molecular weigjit distribution) 

GPC was used for the measurement. 

[0028] 

(4) Fusion peak temperature imder a restraint state 

Approxiinately. 4 mg of a saniple fiber or yani were wrai^ed around an jduminum sheet 
and an arrangement was made to prevent shrinkage of tiie fiber at the time of temperature 
increase, and the fusion peak temperature was measured at a scanning rate of lO^'C/min starting 
fix>m room temperature. 

[0029] 

(5) Fusion peak start-up temperature, fiision peak temperature, and fusion end temperature 

Approximately 1 0 mg of drawn sample fiber or yam were used and the measiurement was 
made by DSC (Differential Scanning Calorimcitry) at a scanning rate of lO^C/min starting firam 
room temperature. In this case, the fusion peak start-up temperature is the nodal point of contact 
of the baise line and fusion peak start-up line. 

[0030] 

(6) Heat shrinkage factor 

The polypropylene fiber or yam with high heat resistance was retained in an oven heated 
to 170*C and 175'C for 10 min and the shrinkage ratio is defined as the heat shrinkage factor. 

[0031] 

(7) Fiber sh^e retention after curing in an autoclave 

After curing in an autoclave, the concrete test piece-was cracked and an evaluation was . 

made based oil the shiq)e of the fiber cross section based on the criteria shown below. 
0 : complete sh^e of the fiber is left behind in the cross section. 
A: fiber is partially dissolved at the cross section and a change of sh^e is observed. 
X: fiber is dissolved and a change of shq)e is observed in the cross section. 
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[0032] 

A pplication Example 1 

For the homopolypropylene powder with an IPF of 97.2%, MFR of 1 .5 g/1 0 mm 

molecular weight distribution of 4.5^ 0.05 part by weight each of tetrakis[methylene-3-(3,5-di-t- 

butyl-4-hydroxyphenyl)propionate)]methane and tris(2,4-di-t-butylphenyl)phosphite (both 

products of Chiba Special Chemicals Co.) were added as antioxidants, then, 0.05 part by weight 

calcium strarate was added as a neutralizing agent, and blending was done m a siq)ermixer, and 

hot-melt mixing was done by an extruder with a diameter of 50 mm<|> at a teiiq>erature of 230'*C 

and sraew rotation of 75 ipm to produce polypropylene pellets. 

[0033] 

Hot-melt spinning was done for the aforementioned pellets by a multifilament spinner 
(die: 0.8 mm<|> x 30 holes) equipped with a gear pump at a spinning tenq)erature oiE"280*'C and 
take-iq) speed of 300 m/min toproduce an amorphous yani of approxinMtely 20 denie^^ 
Furthennore, drawing was donie at a feed rate of 50 m/min, feed roll temperature of 90*'C, heater 
temperature at a drawing point of ISO^C and drawing roll temperature of leO^C to produce a 
yam drawn by 3.7 times at a maximum drawing ratio of 4.0 times. The DSC chart obtained by 
measuring the fusion peak temperature under a restraint state of the drawn yam is shown in 
Figure 1 . The fijsion peak teinperature was 201^. 

[0034] 

Both ends of the drawn yam were fastened to prevent shrinkage by heat and it was placed 
in a gear oven heated to 1 SO°C for 30 min and a heat treatment was applied to produce a 
heat-resistant polypropylene fiber. Measurements were made of the fusion peak start-up 
temperature, fusion peak temperature, fusion end temperature, and heat shrinkage factor of the 
fiber produced. The results obtained are shown in Table 1 below. Furthermore, the DSC chart 
obtained upon measurement of fusion peak temperature, etc., is shown in Figure 2. 

[0035] 

In order to increase affinity with the cement, a polyoxyalkylene glycol type surfactant 
(trade name: Leocon [transhteration] lOlSB^ product of Lion Co.) was coated onto the drawn 
fiber produced as described above after the heat treatment (0.1 wt% for the fiber); then, the fiber 
was cut to form lengths of 15 mm, and added to a cement composition con^rising a normal 
Portland cement (product of Taiheiyo Cement Co.), No. 8 quartz sand, pulp, and water at a 
weight ratio of normal portland cement : No. 8 quartz sand : pulp : water = 100:100:3:60, and 
stirring and mixing were provided by an Omni mixer. In this case, tiie mixing ratio of flie conent 



composition and the above-mentioned fiber-like cement reinforcement material was cement 
composition:fiber-like cement reinforcement material = 100:1 at a volume ratio. 

[0036] 

The cement and fiber-like cement reinforcement material mixture produced as de 
above was poured into a mold form with a length of 80 mm, width of 30 mm, and height of 
20 mm and then atmospheric pressure steam curing was provided for one day, and curing in an 
autoclave was provided for one day. The concrete test piece was cracked and the shape of the 
fiber wias examined. The results obtained are shown in Table 1 below. 

[0037] 

Atmospheric pressure steam curing: Curing was done for 2-5 h at 23®G and the 
temperature was increased to 65°C at a rate of 20''C/h, and isothermal curing was done for 
3-5 h. Subsequently, the temperature was reduced to 23''C in 10-15 h and slow cooling was 
achieved. 

[0038] 

Curing in an autoclave: The mold was removed and the test piece was placed in an 
autoclave pot, and heated to 160°C and pressurized to 10 atm in 3 h and the isothermal 
temperature and pressure were retained for 3 h. Subsequently, the temperature was increased to 
180*^C in 1 h and 10 atm was retained; then, water was poured into the space between the pot and 
the outer wall and cooling was done over 7-10 h. 

[0039] 

As shown in Table 1 and Figure 2, the heat shrinkage factor at HO^'C for 10 min is 0% 
and the fusion peak start-up temperature, fusion peak temperature, and fusion end temperature of 
the fiber-like cement reinfoixjement material based on DSC measurement were HS'^C, HP'^C, 
and 184°C, respectively, and in comparison to the prior art, a significant increase in the fusion 
point is observed, and furthermore, good shape retention after autoclave curing at 180X was 
confirmed. 

[0040] 

A pplication Example 2 

The heat-treatment temperature was changed to 1 83^C arid production of a fiber-like 
cement reinforcement material with a drawing ratio of 3.7 times was achieved and a test sample 
was produced as in Application Example 1 . The results obtained are shown in Table 1 and Figure 
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2. As a result, the heat shrinkage factor at 170°C for 10 min is 0% and the fusion peak start-up 
temperature, fusion peak temperature, and fusion end temperature of the fiber-like cement 
reinforcement material based on DSC measurement were 1 77°C, 1 82°C, and 1 87**C, 
respectively, and a significant increase in the fusion point is observed, and furthermore, good 
shape retention after autoclave curing at 1 80X was confirmed. 

[0041] 

A pplication Example 3 

A homopolypropylene powder with an DPF of 96.8%, MFR of 0.5 g/10 min, molecular 
weight distribution of 4.7 was used and production of a fiber-like cement reinforcement material 
having a drawing ratio of 3.2 was achieved and a test sample was produced as in Application 
Example 1. The results obtained are shown in Table 1 and Figure 2. As a result; the heat 
shrinkage factor at 170°C for 10 min is 0% and the fusion peak start-up temperature, fusion peak 
temperature, and fusion end tempierature of the fiber-like cement reinforcement material based 
on DSC measurement were 176°C, 181'*C, and 185°C, respectively, and a significant increase in 
the fusion point is observed, and furthermore^ good sh^e retention after autoclave curing at 
180°C was confirmed. 

[0042] 

A pplication Example 4 

For a homopolypropylene powder with an IFF of 97.0%^ MFR of 2 g/10 min and 
molecular weight distribution of 4.5, 0.05 part by weight each of 
tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate)]meth^ 
tris(2,4-di-t-butylphenyl)phosphite (both products of Chiba Special Chemicals Co.) was added as 
antioxidants; then, 0.05 part by weight calcium stearate was added as a neutralizing agent, and 
then, 0.04 part by weight of 2,5-dimethyl-2,5-di(t-butylperoxy)hexane (Perhexa [transliteration] 
i25B, product of Japan Fats and Oils Co.) was added and blending was done by a supermixer, and 
hot-melt mixing was done by an extruder with a diameter of 50 mm(|> at a temperature of 230''C 
and screw rotation of 75 ipm to produce a polypropylene pellet with an MFR of 10 g/10 min and 
molecular weight distribution of 3.7. 

[0043] 

Hot-melt spinning was conducted for the pellets produced by a multifilament spinner 
(die: 0.8 mm^ x 30 holes) equipped with a gear pump at a spuming temperature of 280°C and 
take-up speed of 300 m/min to produce an amorphous yam of approximately 20 denier. 
Furthermore, drawing was done at a feed rate of 50 m/min, feed roll temperature of 90X, heater 
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temperature at the drawing point of 130°C and drawing roll temperature of 160®C to produce a 
yam drawn to 4.5 times. The DSC chart obtained by measuring the fusion peak temperature 
under the restraint state of the drawn yam is shown in Figure 1 . The fusion peak temperature was 
183T. 

[0044] 

Both ends of the drawn yam were fastened to prevent shrinkage by heat and placed in a 
gear oven heated to 180°C for 30 min and heat treatment was 2q)phed to prodiice a heat-resistant 
polypropylene fiber. Measurements were made for the fusion peak start-up temperature, fusion 
peak temperature, fusion end temperature, and heat shrinkage factor of the fiber produced. The 
results obtained are shown in Table 1 and Figure 2. 

[0045] 

~ The heat-resistant polypropylene fiber cement reinforcement material was used and the 
state after curing in an autoclave as in the case of Application Example 1 was examined. As a 
result, the heat shrinkage factor at 170®C for 10 min is 0% and the fiisipn peak start-up 
temperature, fusion peak temperature, and fusion end temperature of the fiber-like cement 
reinforcement material based on DSC measurement were 174*'C, 179.5**C, and 185''C, 
respectively, and a significant increase in the fusion point is observed, and furthermore, good 
shape retention after autoclave curing at 1 80°C was confirmed. 

[0046] 

Comparativ e Ryample 1 

The drawing roll temperature at the time of drawing was changed to l lO'^C and the heat 
treatment was omitted and production of ai fiber-like cement reinforcement material with a 
drawing ratio of 3.7 times was achieved as in Application Example 1, and measurement of each 
property was done as in Application Example 1 and the state after curing in an autoclave was 
exainined as described above. The results obtained are shown in Table 1 and Figure 2. As a 
result, the heat shrinkage factor at 170°C for 10 min was 77% and the fusion peak start-up 
temperature, fusion peak temperature, and fusion end temperature of the fiber-l&^ 
remforcement material based on DSC measurement were low values of 158°C, leS^'C and 
173°C, respectively, and good shape retention after autoclave curing at 1 8p°C was absent. 
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[0047] 

Comparative Example 2 

The drawing roll temperature at the time of drawing was changed to 1 10°C and the 
heat-treatment temperature was changed to 165°C and a fiber-like cement reinforcement niaterial 
with a drawing ratio of 3.7 times was produced as in Application Example 1, and measurement 
of each property was done as in Application Example 1 and the state after curing in an autoclave 
was examined as described aboVe. The results obtained are shown in Table 1 and Figure 2. As a 
result, the heat shrinkage factor at HO'^C for 10 min was 65% and the fusion peak start-up 
temperature, fusion peak temperature, and fusion end temperature of the fiber-like cement 
reinforcement material based on DSC measurement were low values of 167''C, 169^*0 and 
177*^C, respectively, and good shape retention after autoclave curing at ISO^'C was absent. 

[0048] 

Comparative Example 3 

A homopolypropylene powder with an PF of 94.2%, MFR of 2 g/10 min and molecular 
weight distribution of 5.2 was used and the drawing roll temperature was changed to 1 10°C and 
the heat-treatment temperature was changed to 155®C and a fiber-like cement reinforcement 
material with a drawing ratio of 4.0 was produced as in Application Example 1, and 
measurement of each property was done as m Application Example 1 and the state after curing in 
an autoclave was examined as described above. The results obtained are shown in Table 1 . As a 
result, measurement of the heat shrinkage factor at HO^'C for 10 min was not possible due to 
fusion, and the fusion peak start-up temperature, fusion peak temperature, and fusion end 
temperature of the fiber-like cement reinforcement material based on DSC measiirement were 
low values of 158°G, 163°C anid 168*=*C, respectively, and good shape retention after autoclave 
curing at 180*^C was absent. 

[0049] 

Comparative Example 4 

In Comparative Example 3, when the heat-treatment temperature of HO'^C was used, 
fusion of the fiber took place during the course of the heat treatment and production of a 
fiber-like cenient reinforcement material was not possible. 

[0050] 

Comparative Example 5 

A homopolypropylene powder with an IPF of 96.7%, MFR of 40 g/10 min and molecular 
weight distribution of 4.2 was used and spinning temperature of 250'*C, drawing roll temperature 
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of 1 10°C, and heat-treatment temperature of 160**C were used and a fiber-like cement 
reinforcement material with a drawing ratio of 5.0 times was produced as in Application 
Example 1, and measurement of each property was done as in Application Example 1 and the 
state after curing iii an autoclave was examined as described above. The results obtained are 
shown in Table 1. As a result, measurement of the heat shrinkag;e factor at 170**C for 10 min was 
not possible due to fusion, and fusion peak start-up temperature, fusion peak temperature, and 
fusion end temperature of the fiber-like cement reinforcement material based on DSC 
measurement were low values of 16rC, 166°C, iTS'^C and 180°C, respectively, and good shape 
retention after autoclave curing at 1 SOX was absent. 

[0051] 

Comparative Example 6 

hi Comparative Example 5, when the heat-treatment temperature of 170°C was used, 
fusion of the fiber took place during the course of the heat treatment and production of a 
fiber-like cement reinforcement material was not possible. 



[0052] 
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Key: 1 Homopolypropylene resin 

2 Drawing ratio (times) 

3 Fusion peak temperature of drawn yam under restraint state (^C) 

4 Heat-treatment teniperature under restraint tension (X) 

5 Properties ofheat-resisting polypropylene fiber 

6 Shape retention of fiber after curing in autoclave 



7 Fusion peak start-up temperature (®C) 

8 Fusion peak temperature (°C) 

9 Fusion end temperature (^C) 

1 0 ^eat shrinkage factor @ _ (%) 

1 1 Application Example 

12 Comparative Example 

13 None 

14 Fusion 



[0053] 

Eflfect of the invention 

In the polypropylene fiber or yam with high heat resistance of the present invention, a 
homopolypropylene resin with high stereoregularity and specific flow properties is used and a 
heat treatment is provided at a high temperature after drawing under restraint tension; thus, the 
heat shrinkage factor at high temperature is low and a polypropylene fiber or yam with high heat 
resistance with high melting point is produced, and when used as a cement reinforcement fiber, 
good shape retention can be achieved even under harsh curing conditions, and it can be used 
effectively as a reinforcement material. 

Brief description of the figures 

Figure 1 is the DSC measurement chart of the drawn yams produceid in Applicatidii 
examples 1, 2 and 4 under a restraint state. 

Figure 2 is the DSC measxu^ent chart of fibers produced in the £q)plication examples 
and comparative examples after heat treatment. 




Figure 1 
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Application Examples 1 and 2 
Application Example 4 
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Tefupsnftura CC) 

Figure 2 

Key. 1 Application Example ^ 

2 Comparative Example 



